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^Observed  vertical  profiles  of  optical  extinction  due  to  aerosol 
scattering  were  examined  relative  to  prevailing  synoptic  scale 
features.  This  examination  was  on  the  suitability  of  an  existing 
wind  speed  and  humidity  dependent  extinction  model  during  dif¬ 
ferent  synoptic  conditions.  The  primary  synoptic  features  in 
question  are  the  depth  of  the  atmospheric  well  mixed  layer  and 
the  nature  of  the  capping  inversion.  Aerosol  extinction  profiles. 
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ware  calculated  from  aerosol  size  distributions  measured  from 
an  aircraft  in  the  vicinity  of  Monterey  Bay.  .Axed  layer 
descriptions  were  obtained  from  temperature  and  humidity  pro¬ 
files  obtained  from  aircraft  spiral  ascents  and  shipboard  and 
shoreline  radiosonde  launches.  The  presence  of  the  inversion 
reduced  the  accuracies  of  the  current  Navy  (VJells-Matz)  and 
Air  Force  (LCVJTRAM  33)-models  in  estimating  the  extinction 
profile.  The  inversion  represents  a  cap  to  the  vertical  trans¬ 
port  of  surface  generated  aerosols.  This  is  not  accounted  for 
in  the  models.  1C 'd TRAN  3B  was  found  to  be  inadequate  in  most 
respects  whereas  the  ‘Jells-Matz  model  could  be  modified  to 
obtain  reasonable  predictions.  Model  specification  of  the 
continental  component  was  also  found  to  be  a  significant  factor 
in  the  comoarisons . 
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ABSTRACT 


Observed  vertical  profiles  of  optical  extinction  dee  t 
aerosol  scattering  were  examined  relative  to  prevailing  sy 
optic  scale  features.  i’.tis  examination  was  on  the  suitabi’ 
of  an  existing  wind  speed  and  humidity  dependent  extir.ctic 
model  during  different  synoptic  conditions,  ihe  primary 
synoptic  features  in  question  are  the  depth  of  the  atmes- 
theric  v/ell  mixed  layer  ar.d  the  nature  of  the  capping 
inversion.  Aerosol  extinction  profiles  '“/ere  calculated  fr 
aerosol  site  distributions  measured  from  .an  aircraft  La  th 
vicinity  of  Lonterey  Bay.  Lixed  layer  descriptions  were 
obtained  from  temperature  and  humidity  profiles  obtained 
from  aircraft  spiral  ascents  and  shipboard  and  shoreline 
radiosonde  launches.  Ihe  presence  of  the  inversion  reduce 
the  accuracies  of  the  current  havy  (VJells-hatz)  and  Air 
?orce  (1CJ1RAII  32)  models  in  estimating  the  extinction  pro 
file.  The  inversion  represents  a  cap 
transport  of  surface  generated  aerosol 
for  in  the  models.  LC  HA  Ail  3-2  was  found  tc  be  inadequate 
in  most  respects  whereas  the  '.'Jells-hats  model  could  be 
modified  to  obtain  reasonable  predictions .  Acdei  specifi¬ 
cation  of  the  continental  component  was  also  found  tc  be  a 
significant  factor  in  the  comparisons. 
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Spectrometer  probe  mounted  on  the  aircraft.  -  23 

Spectrometer  probes  and  lower  level  wind  instruments 
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Sensor  locations  on  board  the  R/V  ACAITIA:  v/ind  sen¬ 
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Same  as  Figure  2c  exceot  1  May  1930  NFS  profile  at 
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1  May  1930  at  175^  FDT  profile  of  relative  humidity 
(bottom  scale)  solid  line,  observed  extinction 
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at  4.6  m/s  and  wavelength  (LAMBDA)  at  3.75  microns. 
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Came  as  Figure  31  except  7  .'lay  I960  at  1C-3  PSP  and 
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69. 


Relative  humidify  growth  curve  for  different  air 
mass  characteristics,  representing  different  aeroso 
types,  in  terms  of  ambient  (r)  versus  dry  size  (r  ) 
radius.  (Fitzgerald,  1973)  - - 2_. 
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The  Department  cf  Defense  (DCD'  and  las  agencies  ore 
interested  in  optical  properties  because  cf  optically  raided 
weapon  systems.  The  Air  Force  is  particularly  interested  in 


aerosol  extinction  for  its  orecisicr.  rue 
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differing  wavelengths  which  range  from  the  visible  to  the 
microwave  regions.  Ihe  TC-h  has  a  greater  ability  ao  hit  a 
target  then  conventional  munitions,  but  an  important  con¬ 
trolling  factor  is  the  ability  cf  the  guidance  system  tc 

V>  c  "t"  r-\  v'  fro  • 1  ^  o  D*'  a  1  -4  ■f*  ^  r  "f*  >-»  *  V*  q  ID  "  -*■  /■*  **  c  a  .o  ^  Vs  »•%  « —  •— 

-  at  t:  Uiit;  ci  J- X  c>  Jr  11^-  -.U  ~  ^  ~  --*•=»  *  t—  £  - 

is  dependent  on  the  wavelength  for  which  sensors  are  designed 
ar.d  the  properties  of  the  intervening  atmosphere.  The 
degrading  properties  of  the  atmosphere  are  principally  mclecu 
absorption  and  aerosol  scattering.  The  wavelengths  for  the 
different  sensors  acre  primarily  selected  so  that  molecular 
absorption  is  minimised.  Therefore,  scattering  by  aerosols 
becomes  the  main  concern,  or.ce  a  relatively  molecular 
absorption  free  window  has  been  found. 

Relatively  absorption  free  windows  exists  in  the  visible, 
infrared  (IR),  millimeterwave,  and  microwave  wavelengths. 
Virile  both  absorption  and  scattering  by  aercsois  are 
affected  by  weather  elements,  scattering  appears  to  be  mere 
affected  than  absorption  in  most  cases  /"Cottrell  et  al,  1?79. 
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The  ability  to  assess  aerosol  extinction  from  synoptic 
scale  descriptions  would  help  in  decisions  of  .-/hicn  type  of 
system  to  use  against  a  target,  Because  some  systems  are 
launched  from  the  air,  it  is  important  that  descriptions 
include  vertical  distributions  of  aerosol  extinction.  ...cdeis 
exist  for  estimating  vertical  extinction  profiles  but  they 
have  not  been  validated  sufficiently.  To  do  this,  profiles 
of  actual  extinction  must  be  compared  to  the  extinction  pre¬ 
dicted  by  existing  models.  If  the  models  do  not  work  and  if 
modifications  cannot  be  made,  new  models  must  be  developed. 
The  purpose  of  the  study  is  to  describe  the  synoptic  condi¬ 
tions  occurring  with  a  unique  set  of  mixed  layer  and  aerosol 
data  to  evaluate  an  existing  model. 

An  experiment  entitled  Marine  Aerosol  Generation  and 
Transport  (MIAC-AT)  was  conducted  in  the  vicinity  of  the 
Monterey  Bay,  California,  during  the  period  of  April  22  to 
May  9,  1920.  The  purpose  of  this  experiment  is  to  examine 
the  compatibility  of  optical  and  micrometerorclogical  propa¬ 
gation  theory,  and  to  extend  dynamic  models  of  the  evolving 
marine  atmospheric  boundary  layer  to  include  aerosol  and 
turbulence  profiles  /"Pair all,  1920  ana  Pair all  et  al,  1?2C_7 
Two  platforms,  the  a/7  AC AM I A  and  an  aircraft,  were  used. 

In  this  study,  overwater  radiosonde  profiles  from  the 
P/7  AC  AM  I  A. ,  profiles  from  the  spiral  flights  of  the  aircraft, 
and  overland  radiosonde  profiles  at  the  "aval  Postgraduate 
Tchool  (MPS)  are  compared  to  aerosol  measurements  and  model 
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background  discussion  will  consist  of  a  summary  of  one 
investigations  by  Hughes  (1930)  and  Hughes  and  Richter  (1930), 
and  brief  descriptions  of  the  evaluated  models. 

The  aerosol  extinction  coefficient,  the  parameter  of 
interest,  is  a  function  of  the  wavelength  of  the  radiation 
(A),  particle  size  (r),  and  particle  index  of  refraction  (n) . 
Since  aerosol  absorption  is  negligible,  aerosol  extinction  can 
be  almost  entirely  attributed  to  scattering  processes,  .'here 
are  three  types  of  scattering  (Rayleigh,  hie,  end  hon-seiective) 
which  depends  or.  the  ratio  of  the  size  of  the  particle  to  the 
wavelength.  Rayleigh  scattering  applies  to  particles  which 
are  much  smaller  than  the  wavelength,  hie  scattering  to 
particles  which  are  near  the  same  size  as  the  wavelength,  .and 
H on-selective  scattering  to  particles  which  are  much  larger 
than  the  wavelength  /"Racy,  19SIJ7. 

The  scattering  area  coefficient,  H,  is  the  determining 
parameter  in  hie  scattering.  H  is  the  ratio  of  the  incident 
wave  front  to  the  effective  cross-sectional  area  of  the 
particle.  The  extinction  coefficient,  b,  is  related  to  H 
as  follows: 


(DH/Dr)  ''(n.r/A)  A(r)  dr 


-'r’aare  If /Or  is  the  number  o f  ^articles  oer  sice  range  Or  in 
a.  sice  interval  cants  rad.  at  radius  r.  "(n,r/X)  is  she  hie 


scattering 


•aa  coefficient,  and  Avr)  is  the  oarsicle  area, 


rrr~,  for  spherical  particles.  Zxtinctior.  coefficients  based 
on  observed  aerosol  distributions  can  be  computed,  for 
either  discrete  wave lengths  or  a  v/ave length  band,  using 
enact  Mie  coefficients  £  .lacy,  1921 J. 


'  ?T  *  V  P  r»T?  A  "T  P  VP  -Tt?"  f  T-  r?M  — 

H.  G-.  Hughes  (1900)  evaluated  extinction  profiles  deter¬ 
mined  from  measurements  of  aerosol  size  distributions  obtained 
by  fCSC  investigators  in  the  vicinity  of  San  Hicclas  Island, 
California,  during  April-way  i$72.  he  compared  observed 
extinction  coefficient  variations  with  height  to  those  pre¬ 
dicted  from  the  ,/ells-Gal-Munn  (./Gw)  model  /“'.'Jells  et  al, 

1977 _7  and  to  the  LCV/TRATT  32  model,  Relative  humidity,  which 
is  an  input  parameter  of  the  '.'JGw  model,  was  calculated  from 
the  air  end  dew-point  temperatures,  which  was  measured 
coincident  with  the  aerosol  measurements. 

-hr ee  days  were  chosen  for  evaluations  because  of  the 
depth  of  the  mixed  layer  and  the  strength  of  inversion. 
Conditions  for  one  day  (22  April)  were  a  shallow  mixed  layer 
and  -weak  inversion,  conditions  for  the  second  day  (5  hay) 

••/ere  a  deep  mixed  layer  and  a  strong  inversion,  and  conditions 
for  the  third  day  (11  May)  were  a  shallow  mixed  layer  and 
strong  inversion.  The  surface  wind  speeds  for  these  days 
were  3-5 >  5-7,  and  10-12  m/s,  and  visibilities  were  16,  11, 
and  23  km,  respectively. 
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The  VIC-M  maritime  aerosol  model  is  a  two  component  analytic 
expression  for  the  aerosol  size  distribution.  Continental  and 
maritime  aerosols  are  represented  by  two  components  of  the 
analytic  expression. 

The  maritime  component  was  adopted  from  the  Diermend jiar. 's 
/“Tells  et  al,  1977_7  haze  model  where  the  number  distribution 
is  described  by 


jT dT(r)/d  log(r)_7  =  or**  exp(-bry). 


(  o  ' 


::(r)  is  the  total  number  of  particles  per  cubic  centimeter, 
is  radius  of  the  particle  ar.d  dependent  on  relative  humidity 
( ?.T) ,  a  and  y  ere  dependent  on  the  velocity  cf  the  wind  (u) 
in  m/s,  and  b  is  a  constant.  The  values  for  a  ar.d  were 
determined  by  empirical  methods  and  have  the  form 

1.16 


=  250  +  75C  u‘ 
=  6900  xf'c' 


for  u  <  7  m/s 
for  u  >  7  m/s 


(3) 
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y  =  0.3?!:-  -  0.0C293  u"~: 


I  he  reason  for  the  change  in  the  behavior  of  a  at  7  m/s  i 
that  a  rapid  increase  in  the  number  of  large  particles  oc 
•/hen  v/hite  caps  form,  ./hit a  caps  form  at  approximately  7 


m/s.  2elov;  7  m/s,  the  aerosol  size  di: 


:r a out  ton  taxes  on 


iharacteristics  of  continental  aerosols. 


The  model  allo'.vs  for  aerosol  oartic 


size  cam  me  an 


response  to  relative  humidity  changes.  She  equation  for 
is  given  by 


■»  —  v»  "P 

-o* 


v; here  r  is  the  radius  of  the  ^article  at  zero  oercent 
o  “ 

relative  humidity  and  F  is  the  grov/th  factor.  ?  is 

?  =  1  -  0.9  In/- 1- ( RH/1C0 )J .  (5) 

(P.H/1CC)  is  the  decimal  equivalent  of  percentage.  It  is 
noted  that  the  expression  for  ?  is  for  sea  salt  aerosols  • 
sodium  iodide  as  the  nucleus. 

Including  relative  humidity,  the  altitude  dependence, 
and  the  continental  component  in  the  equation  yielded  the 
final  form  of  the  equation  used  by  '.Veils  et  al  (1977): 


£~ d/I/dr^7 — T7  {  0.47  ( “tt? )  e::p(  t~  ) 

(  *  “C 

+  Z.jct  (C1  +  G £  u*  )  (— ^nr)  exp/- -u., 

("7t)  ’  “5T-7 )  •  w) 


•  > 


y 


C-,  -r  u*  is  defined  as  a  in  fcuation  J.  h  is  the  altitu: 
and  h_  and  h„  are  scale  heights  for  the  continental  and 
maritime  components;  values  for  these  scale  heights  can  he 
found  in  facie  I  of  the  published  paper  /“fells  et  al,  1}77_ 
hughes  (1720)  showed  that  the  constant  coefficient  in  the 
maritime  ccmaonent  should  he  the  inverse,  Q.^2Ll  instead  cf 


n  *  'T'T  TC!  rnn  •  ’"■j  •— »r 

A  version  (VJells-hatz)  of  the  previously  descrihad  model 
is  that  used  to  compare  actual  ,rersus  calculated  extinction 
coefficients  in  this  study,  ."’edified  through  empirical  methods, 
the  ''Jells -"'at s  Model  is  as  follows 

fW./ScJ  =  1.7  -  1.62  (Cx+  C2  v6  ) 


( wr-igr  -s.se -§-){>:  r*  (-£».  w; 


fhe  first  term  is  independent  of  elevation  whereas  it  was 
not  in  the  original  model,  fhe  third  term  is  still  elevation 


dependent,  r  is  the  droolet  radius  in  microns, 


— '  ib  Uii 


elevation  above  sea  surface  in  meters,  and  h  is  the  scale 
height  (cCC  m}  for  altitudes  less  than  one  hm.  a  is  giver,  b; 

ct  =  0.21  ex?/“C.065  HH  /  (l.CfS  -  ~.h)_7  C) 

where  is  the  fracationai  relative  humidity  for  relative 
humidity  between  40;>  and  96  •  6,7.  v  is  the  wind  factor 
scaled  from  surface  speed  u,  in  this  case  the  wind  speed 
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■r-  s  taxen 

xrom  snap 

height,  and  de 

fined  as  C . 3  m/ 

~ 

for 

speeds  ies 

s  than  or 

equal  to  h  m/s 

and  as  ;  u  -  3  . 

5  / 

m/s 

7..  Xi  3  p  6  6  il  3 

greater  t 

han  m/  s .  x  i\  e 

growth  factor, 

f 

,  is 

defined  as 

one  plus 

the  quantity  v 

/oC  cuoed.  r 

—  3 

tne 

as  y  in  the  original  aquation. 


Jxinea  as 


a  for  velocities  greater  than  ?  m/s ,  v/hereas  the  value  become 
m/s  /"hoonkester ,  1}SC_7, 


25^  ~  1CCC  v - ^  for  velocities  less  than  cr  ecu?.!  to  7 


-J  •  w U i’U'uhit *  OX*  jT&w  iJ*  AirfJULi  w 

Results  of  comparisons  between  observed  and  predicted 
aerosol  extinction  by  hughes  (I960)  and  hughes  and  Richter 
(19SC)  appe?_r  in  Figures  1  and  2.  fhcse  from  hughes  are  base 
on  the  .;Giu  model  and  the  LChlRRR  31  maritime  model.  In 
general,  the  comparisons  for  both  are  not  good,  particularly 
below  the  inversion.  Further,  discussion  on  this  is  with¬ 
held  until  an  examination  of  results  from  this  study. 
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-he  data  for  aerosol  extinction  v/ere  measured  from  the 
Airborne  Research  Associates’  turbo  charged  Bellanca,  using 
the  MCTC  aerosol  measurement  system  consisting  of  a  Particle 
Measurements  System  (FMS)  model  AS SAP  (Figure  3).  All 
measured  data  v/ere  sampled  every  2.5  seconds  with  a  two-scar, 
average  every  five  seconds.  The  aircraft  fie-/  at  a  constant 
altitude  for  tv/o  minutes  during  measurements  then  went  to  a 
different  altitude  (ladder)  and  repeated  the  process.  The 
data  were  stored  on  magnetic  tape.  The  aircraft  also  measure 
air  and  dewpoint  temperatures,  which  were  used  to  compute 
relative  humidity.  The  primary  vertical  profiles  for  this 
study  are  of  aerosol  extinction  (actual  and  predicted)  end 
relative  humidity. 

Turing  flybys  v/ith  the  R/7  ACAMIA,  aircraft  aerosol 
distributions  we re  compared  with  those  obtained  with  two 
probes  on  the  ship.  The  two  probes  on  the  R/V  AC AM I A  were 
the  RMS  models  CSAS  (classical  scattering)  and  ASA3  (active 


scattering)  ,  Figures  A  ang  5,  controlled  by  a  PT.S  dal 


acquisition  system  (TAS-32)  with  a  computer  interface.  The 
shipboard  systems  measured  aerosols  in  90  different  size 
channels  from  0.09  to  1^.0  micron  radius.  Because  the  ship¬ 
board  aerosol  system  had  a  wider  size  range,  aircraft  aerosol 
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•vers  corrected  co  arras  vus/.  tn 


p  aercsox 


'fairali,  19C0  and  fairali  e;  ai,  IJuC J .  -ha  acrrecticn 


a  actors  -/era  used,  v/r.en  c or.au a  mg  are  vs: 


prof lies 


'rcfiies  of  virtual  potential  a er.ro erasure  and  mining  real 


-/ere  c  stained  iron  tnree  a life rent  sources . 
using  these  two  parameters ,  instead  of  temp. 


ra  v»  o  o  r>  v*  ~  ^ 


and  dew 


point,  as  that  are  mixed 


1  ^ 1  r  ^  v* 


end  inversion  sre  mor- 


identified  with  the  former.  The  sources  were  spiral  flights 
by  the  aircraft  and  radiosondes  launched  from  f?2,  and  from 


*'10  •3/y  AC7'TT' 


/racks  of  the  shia  and  aircraft  during 


the  days  of  interest  are  shov/n  in  figures  6-?  and  figures 
IC-lc.  The  location  of  hP3  is  included  in  the  ship  tracts. 
‘Then  the  R/7  AC  Ah  I A  v/as  not  on  these  tracks  it  was  positioned 
he tween  Point  Pinos  and  A or in a,  (figure  17).  Phe  locations 
of  the  ladder  (I)  and  spiral  (3)  flights  are  given  for  the 

-  v*  r*  *vn  r*  ^ />  ^  •c* 
y  « . «.  ytd.  w  «*a.  ^  • 

find  speed  is  an  input  variable  for  the  hells- hats  model, 
and  is  based  on  30-minute  averages  observed  aboard  the  ?./V 


AC  AI!  IA .  Some  wind: 


averaged  over  shorter  time  periods 


because  of  maneuvering  of  the  ship. 


?hese  winds  are  measured 


at  the  20.5  meter  level  and  corrected  f 


or  ship's  speed  and 


direction.  In  some  cases  the  wind  had  to  be  calculated  from 
the  friction  velocities  calculated  from  aircraft  measured 
values  of  the  rata  of  dissipation  of  turbulent  kinetic 
energy  (  €  ) .  €  ':rzs  the  variable  of  interest  in  ether 

analyses  of  the  experiment  and  will  not  be  discussed  further 
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Figure  13.  Same  as  Figure  10  except  morning  cf  5  I-'.ay  I960. 
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~a»ne  as  Figure  1C  e;cce?t  afternoon  of  5  .‘.ay  19CO. 


gure  14. 


Figure  15.  Same  as  Figure  1C  except  morning  of 


*ay 


-7^ 


c. 
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aure  16 .  Sams  as  Figure 


10  except  afternoon  of  7  .'.ay  19SC. 
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ituations.  Ine  cnarts  usee  for  anas 
FCAA  v/eehly  series  of  daily  v/eather  a 
conditions  occurring  are  obtained  fro 


7.3.  .bray,  Fort  Crd,  Fritzs  cl 
v/hen  possible.  Frit zc be  Field  is  not  a  24-hour  reporting 
station  so  observations  frc a  the  .icr.terey  airport  are  used 
at  tines  -.'/her.  observations  are  not  available.  Fritzsche 
Field  observations  are  chosen  over  those  of  honterey  airpor 
because  they  .are  acre  representative  of  the  v/eather  ccnditf 
occurring  out  in  the  Bay  v/here  the  ship  and  plane  are 
operating.  As  shov/n  in  Figure  17,  .icnterey  airport  is 
protected  by  a  land  nass  to  the  v;est  v/hich  prevents  fog 
frca  arriving  at  the  airport  until  after  its  arrival  at 
Frit 2 sc he  Field.  Fritzsche  Field  is  located  5  hu  froa  the 
Bay  and  lb  ’.or.  to  the  north-northeast  of  FFS.  Because  of  th 
land  aass  vie st  of  iionterey  Bay  and  its  orographic  effect, 
fog  foras  -.vest  of  Foint  Finos  and  then  bac!:  fills  into  lion" 


O  O 


i/Ji: 


WltrwStffcAY  H*Y  t.  1*4 


Ksumv  *. 


IV. 


ji;  c: 


S  V.  »  «  +J  A  A  _‘w  *  ■ 


i  r'  O  \t  f\ r\  v*>  -»-o  -.•  p 

-i  •  w.ij  vl  .  —  a.  x  -  si 

?he  weather  conditions  --/ere  generally  neutral  with 
occasional  moderately  stable  and  moderately  unstable  condi¬ 
tions.  Several  ve  a  1:  frcr.cal  systems  passed  through  the 
area  during  the  experimental  period.  1 hovers  occurred  iuri 
the  first  and  last  days  of  the  experiment  in  conjunction  wi 
frontal  passages.  low  cloudiness  and  fcg  occurred  during 
the  morning  from  29  April  to  5  lay,  with  fog  returning  agai 
on  the  9th,  the  final  day  of  the  experiment. 

At  the  beginning  of  the  period,  the  area  is  dominated 
by  a  slowly  eastward  migration  of  a  cut-off  low  at  the  5CC 
level,  Figure  18  and  19.  2y  early  morning  on  2  ...ay,  the 
area  is  'under  the  influence  cf  a  weak  ridge,  Figure  19.  Cr. 


T  ^  pp 

-  ‘-2-j  t  wi*<r 

area  is  under  divergent 

flow  at 

the 

upper  1 

evel , 

Figure  19- 

An  upper  level  low  has 

formed 

off 

of  Baja, 

C  alifornia 

on  4  May  leaving  the  ar 

ea  under 

an 

it  p 

4  a  X  IA  w*  4  W 

9  Of 

Col,  Figure  22.  Cn  5  May,  the  area  is  between  a  trough  and 
a  ridge  (Figure  22),  and  by  6  hay,  the  area  is  on  the  back¬ 
side  of  the  trough  (Figure  22).  Because  of  deepening  of  th 
trough,  the  area  is  still  or.  the  backside  of  the  trough  on 
7  May,  Figure  24.  A  new  upper  level  trough  formed  and  is 
approaching  the  area  on  the  final  two  days  (8-9  May)  cf  the 
experiment,  Figure  24. 
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0  to  10 


urface  winds  are  relatively  light, 


r4-  J  ,  ,  V,  4 


;he  oeriod  and  increase  toward  the  er.d  of  the  oericd  to 


kt,  v.’ith  gusts  to  22  kt. 


An  important  feature  in  these  interpretations  is  the 
nature  of  the  mixed  layer,  often  topped  'ey  an  inversion, 
with  regard  to  stability  and  hence  mixing  intensitites. 

It  is  assumed  that  mixing  becomes  greater  as  conditions 
become  more  unstable. 

At  the  start  of  the  experiment,  the  mixed  layer  exhibits 
stable  to  slightly  stable  conditions  until  around  1800  ?DT 
28  April  when  conditions  become  more  neutral.  The  neutral 
condition  remains  until  1  hay  when  conditions  once  again 
become  stable.  A  weak  frontal  passage  before  0500  ?DT  on 
2?  April  does  not  appear  to  affect  conditions  of  the  mixed 
layer  feature.  The  mixed  layer  remains  stable  until  a 
frontal  passage  on  2  ...ay  when  conditions  become  neutral  and 
remains  as  such  until  5  -lay.  In  the  morning  of  5  May,  con¬ 
ditions  are  slightly  stable,  returning  to  neutral  or.  £  ..lay, 
despite  a.  frontal  passage  as  1300  FDT  on  the  fifth.  They 
remain  neutral  from  5  May  to  the  end  of  the  experiment  on 
9  hay. 


2.  MIMED  LAYER  AMD  A2RCSCL  EXT IRC TIC M  RESULTS 

Days  chosen  for  further  analysis  are  1,  3,  5»  and  7  May. 
Reasons  for  these  choices  are  presented  with  the  description 
of  these  days.  Cn  the  first,  the  area  is  under  the  influence 
of  a  surface  low  in  Colorado,  with  a  frontal  system 
approaching  from  the  northwest.  Figure  19.  Cn  the  third, 


t.'.e  area  is  on  the  bachside  of  a  rather  weaic  frontal  system, 
which  passed  through  early  on  the  second,  figure  1?.  in 
the  fifth,  a  frontal  system  passes  through  the  area  as 
approximately  13  CC  FTT  (figure  22),  at  this  time  the 
visibility  improved  to  25  miles  and  later  to  45  miles.  Cn 
the  seventh,  the  area  is  behind  the  frontal  system  which 
passed  through  on  the  fifth  while  another  system  is 


approaching  from  the  northwest,  figure  2~. 

The  results  are  shown  in  the  vertical  profiles  of  specific 
humidity,  virtual  potential  temperature,  relative  humidity, 
and  comparisons  of  observed  and  predicted  aerosol  extinction 
at  the  3.75  micron  wavelength,  xhe  3.75  micron  wavelength  is 
chosen  because  it  is  the  wavelength  used  by  Hughes  (1920)  and 
Hughes  and  Richter  (1980).  The  locations  of  the  ladder  flights, 
from  which  the  profiles  were  obtained,  are  designated  L 
in  the  aircraft  flight  paths  given  in  figures  10-16.  The 
ladder  profiles  have  corresponding  spiral  profiles  which 


appear  in  figures  1C-15. 

The  profiles  of  virtual  potential  temperature  and  specific 
humidity  obtained  by  spiral  and  radiosonde  ascents  are  shown 
in  the  following  description  of  the  chosen  days.  An  aspect 
cf  these  profiles  will  be  the  difference  occurring  between 
the  locations  and  the  types  of  measurement  (spiral  or 
radiosonde).  These  differences  are  described  but  there  is 
no  attempt  to  interpret  the  reason  unless  the  difference 
represents  an  obvious  horizontal  change  in  the  mixed  layer 
depth.  The  objective  in  presenting  the  various  profiles 


is-  tc  rrcvide  2.  general  cloture  of  the  nixed  c or. cl it icr ; 

- he  general  nixed  layer  depth  and  structure  is  viewed  as  a 
2 "-.optic  scale  aspect  of  the  observed  extinction  profiles. 

1.  1  hay  19?0 

The  first  of  hay  is  chosen  because  of  a  parallel 
research  study  pertaining  to  the  use  cf  satellite  anomalous 
gray  shades  to  predict  extinction  /"-chulta,  i?cl_7. 

The  surface  winds  are  light  and  the  surface  layer 


is  'unstable  throughout  most  of  1  hay  becoming  stab: 


,  C  Ct  4  v  * 


end  of  the  day  (Table  I).  The  area  is  under  the  influence  of 
a  surface  low  in  Colorado,  with  a  frontal  system  approaching 
from  the  northwest,  Figure  19.  The  early  morning  hours  are 
dominated  by  low  cloudiness  and  fog  ’until  1CCC  PBT .  The 
shies  become  scattered  and  visibilities  improve  after  10CC 
PDT,  with  the  greatest  visibility  being  2 5  miles. 

The  airborne  (spiral)  profiles,  Figures  26-23,  shew 
near -neutral  tc  stable  conditions  within  the  mixed  layer  and 
stable  conditions  above.  Prom  1710  to  1352  TTT,  the  mixed 
layer  depth  decreases  from  450  to  300  m  along  a  line  extending 
from  13  to  ?6  ’em  west  cf  DPS,  Figure  10.  The  soundings  from 
the  R/7  AC API A  (Figure  29)  and  DPS  (Figure  30)  shew  very 
unstable  conditions  near  the  surface.  The  R/7  AC  AT!  I A  was 
43  ’em  west  of  NFS,  Figure  6.  The  NFS  sounding  could  be 
influenced  cy  heat  rising  from  the  land.  The  AC API A  sounding, 
1225  FDT  (Figure  29) ,  has  lower  virtual  potential  tempera¬ 
tures  than  the  spiral  profiles  which  also  causes  the  mixing 
ratio  tc  have  lower  values  because  it  is  computed  from 
relative  humidity  and  temperature  measurements. 


-urrac e  _aver 


ala  es  1  Lay  1?2: 


1  ig  -.'ind/speed  (a/s),  r(  •'0)  is  temperature  La  degrees  Celsius, 
T^C'c)  is  sea  surface  temperature  in  degrees  Celsius,  hL(/} 
i3  relative  humidity  in  percent,  and  Z/L  is  the  stability 
index. 
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?igurs  26.  1  I-'ay  198 C  at  1710  POT.  Aircraft  profile  of 

virtual  potential  temperature  (bottom  scale,  in  degrees 
Celsius),  solid  line,  and  mixing  ratio  (top  scale,'- in  gr 
per  kilogram),  broken  line,  versus  height. 
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Figure  2?.  1  Fay  1950  at  1852  FDC.  Aircraft  profile  of 

virtual  potential  temperature  ( bottom  scale,  in  degrees 
Celsius),  solid  line,  end  mixing  ratio  (top  scale,  in  grams 
per  kilogram) ,  broken  line,  versus  height. 
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7 '-2  FDT  spiral  prof  113 ,  Figure  27,  ices  net  shew 
d  layer .  The  predict  3d  extinction  orofile  has 
a  a e or  exncr.  er.t ial  share  at  i?5^-  122,  Fimure  31,  .  / h i c h  is  act 
correlated  with  the  observed  aerosol  extinctions.  It  is 
believed  that  the  low  wind  speeds,  -.9  m/s,  causes  the  pre¬ 
dicted  values  to  be  primarily  continental  end  to  be  determined 
by  relative  humidity.  In  contrast,  the  1993  FDT  (Figure  32) 
profile  shows  a  definite  inversion  and  the  predicted  extinctio 
values  are  better  correlated  with  observed  values  within  the 
mixed  layer.  Predicted  extinction  values  ere  definitely  less 
than  the  observed  values  above  the  mixed  layer. 

2.  3  hay  1900 

The  third  of  hay  is  chosen  because  all  spiral  profiles 
show  classic  examples,  Figures  33-37 »  of  a  well  mixed  boundary 
layer  capped  by  an  inversion.  This  assessment  is  based  on  bet 
the  virtual  potential  temperature  and  mixing  ratio  distri¬ 
butions  with  height. 

The  winds  are  7  to  10  ht;  therefore,  production  is 
occurring  during  the  afternoon  and  the  surface  layer  is 
unstable  through  the  whole  day  (Table  II).  Therefore,  pro¬ 
duction  is  with  suite  good  mixing.  The  area  is  behind  a 
we ah  frontal  system,  which  passed  through  the  area  in  the 
early  hours  of  the  day  before.  Again,  early  morning  hours 
are  dominated  by  low  clouds  and  fog,  with  a  lowest  visibility 
of  two  miles.  The  skies  become  scattered  and  the  fog  dissipat 
’ey  1CCC  FDT.  Low  clouds  occurring  again  in  the  area  at 
17C0  FDT,  but  the  visibility  remains  unrestricted. 
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Figure  33.  3  “ay  1930  at  1033  POT,  Aircraft  prefile  of 
potential  temperature  (bottom  scale,  in  degrees  Oelsius) , 
line,  and  mixing  ratio  (tep  scale,  in  grams  per  kilogram) 
broken  line,  versus  height. 


HEIGHT 


oo 


HEIGHT 


MIX  RATIO  CG/KG) 


r.S  "J 


fl.  CO 


o  c 


'  ^  ‘  n  1  v-  "s  y*  r\  **  *  1  p 


^ ar z C m 3  , spiral;  ironies  snow  z  -/el-  maxes 


'  ‘-'■jr'  ry '/  1  '"•o"  r.  .^v^-n  3,-;  '-■/  ~  •■  •  -/  a  V  C:  -  p  v-  I--  ■*■■-!  ^  »pi»«  -  -  - 

w  Vrf  J  — *  —  w  — ^  -*■  — •*  A  »  w  —  w»*»  **•>*  <k  W..w  —  *  *  — •*  - 


and  34),  one  mixed  layer 


;n  sr.creases 


:-25  to  5^0  m  along  a  line  expanding  from  43  to  83  xm  to  one 
west-northwest  of  f?2,  figure  11.  Hence,  the  nixed  layer  is 
suite  uniform  in  the  horizontal.  In  the  afternoon  (figures 

*v  ^  '  g}  “**  $  v  /a  •  o  v*  ■J-  V  ^--l/*>v^Qor*oo  *—  £f  fA  O 
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All  profiles,  figures  38-40,  support  an  assessment  of  a  con¬ 
vective  nixed  layer  hut  each  has  an  anonolcus  feature  -/hen 
compared  with  the  others.  In  the  C8CC  FDJ  *"F3  sounding  the 
level  above  the  mixed  layer  is  much  drier  than  any  of  the 
soiral  orofiles;  a  mixing  ratio  of  approximately  1  gn/hg 
compared  to  approximately  3  gm/hg.  Ihe  C8~5  ?Df  ACAflA 
sounding  shows  a  rapid  decrease  in  virtual  potential 
temperature  above  one  'em,  which  is  not  observed  in  any  of  one 
ether  profiles.  Inis  decrease  affected  the  mixing  ratio 
as  well.  Ihe  location  of  the  ACAflA  at  C2&5  ?DI  -/as  33 
hm  to  the  west-northwest ,  and  at  1555  fOf  the  location  was 
of  ’em  to  the  west-northwest ,  figure  7.  In  the  1555 
sounding  the  virtual  potential  temperature  is  approximately 
six  degrees  lower  than  any  of  the  other  profiles. 

.Relative  humidity  and  predicted  and  observed  extinc¬ 
tions  for  3  fay  appear  in  figures  hi-Z;.?,  ihe  day  has  the 
most  representative  example  of  a  -/ell  mixed  boundary  layer 
for  relative  humidity  which  increases  uniformly  with  height 
to  the  inversion  where  it  drops  off  sharply.  Observed 
extinctions  have  rapid  increases  at  the  too  of  the  mixed 
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.  hay  19P0  at  1C  hi  profile  of  relative  hum: 

(bottom  scale)  solid  line,  observed  extinction  ccefficien 
(tor  scale),  series  of  short  solid  and  dashed  lines,  end 
dieted  extinction  coefficients,  series  of  short  solid  lin 
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versus  height.  Top  scale  is  logarithmic,  v/here  1  is 
speed  at  3.0  m/s  and  -vave length  (IA13DA)  at  3.75  microns. 
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fiaure  l'-2  •  3  hay  1380  at  1730  FOi  profile  of  relative  humidity 

(cotton  scale)  solid  line,  observed  extinction  coefficients 
(too  scale),  series  of  short  solid  and  dashed  lines,  and  pre¬ 
dicted  extinction  coefficients,  series  of  short  solid  lines 
versus  height,  7cp  scale  is  logarithmic,  v/here  1  is  10.  .:ir.d 
speed  at  2  72  ra/s  and  v  a  ve  length  (LAhBOA)  at  3.75  tier  on  s .  hind 
speed  calculated  from  friction  velocity. 


liver  due  to  clouds  (extinction  values  greater  tv. an  11),  an. 
tier,  rapid  decreases  immediately  a'cove  the  inversion,  The 


aredacted  extinction  ij.sc  increases  at  tv.e  tot  cf 


naxe- 


layer  but  not  as  large  as  the  observed  extinction.  In 
general,  predicted  end  observed  values  agree  near  the  surface 
cut  net  near  the  top  of  the  mixed  layer.  The  predicted 


values  do  net  agree  with  the  o'. 


.  vr.  !  ^ -r  v .t> 


inversion . 


3.  5  hay  1?S0 


-he  fifth  of  May  is  chosen  because  of  a  weak  inversion 
and  a  relatively  deep  mixed  layer. 

I  he  'vines  are  7  to  1C  ht,  therefore,  active  production 
is  occurring  in  the  afternoon  and  the  surface  layer  is  ur.sta.bl 
luring  T.ost  of  the  morning  and  becomes  slightly  stable  for 
the  rest  of  the  day  (facie  III).  Active  production  is 
questionable  because  of  the  lev/  wind  speeds. 

during  the  hours  before  sunrise,  scattered  low  clouds 
dominate  the  area.  From  just  before  sunrise  until  0800  FDI, 
lev  cloudiness  and  fog  dominate  the  area  with  middle  and  high 
level  clouds  moving  in.  A  frontal  system  passes  through 
the  area  at  approximately  13 CC  FDT,  and  the  visibility  improve 


to  25  miles  and  later  to  ^5  -tiles.  After  th< 


the  shy  becomes  broken  and  the  winds  increase  with  gusts 
to  22  kt  between  11-00  to  1700  FDT.  The  shies  become  scattered 
by  2CCC  FDT  and  the  high  clouds  move  out  of  the  area. 


1.5 00  72T  (Figure  5~)  exhibits  a  strong  stable  condition . 
-here  is  very  little  agreement  in  the  near  surface  values 
cf  virtual  potential  temperature  between  any  of  the  radio¬ 
sonde  profiles. 

extinction  results  associated  with  this  case  are 
predicted  values  definitely  larger  than  the  observed  values 


'im^S 


e::cept  when  the  aircraft  flew  into  clouds, 
h.  7  May  19 3 C 

The  seventh  of  -.ay  is  chosen  because  cf  the  horizontal 
•  - ~~ -  -^icr.  Qf  niixsd  1. ssjqv  Tlis  s^i.jT3.1  pr*cx*i.is  o 

shallow  mixed  layer  v/ith  a  strong  inversion  close  to  shore 
and  a  deep  mixed  layer  v/ith  a  strong  inversion  some  distance 


t  rom 


surface  winds  are  rusting  from  15  to  21  ht 


between  l^CC  to  20C0  FDT  and  the  surface  layer  is  in  a  slightly 
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ii.li.  5  I'.ay  19? C  at  1CC7  PSi.  Aircraft  profile  of  vir 
ial  temperature  (bottom  scale,  in  degrees  Celsius),  so 
and  mixing  ratio  (top  scale,  in  grams  per  hilcgram) , 
line,  versus  height. 
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Figure  6^.  7  -"-ay  1?S0  at  CSCO  FFF. 

potential  temperature  (bottom  scale 
line,  and  mixing  ratio  (top  scale, 
broken  line,  versus  height. 
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,  in  degrees  Celsius),  so 
in  grams  per  xilogram) , 


co 
✓  * 


HEIGHT 


MIX  RRTIO  CG/KG) 


©• 


P<  M  P. 


101 


MIX  RRT 


LGT (EXTINCTION) 


REL  HUMIDITY 

U-  1 1 .0  .  LRMBDR-  3.75 


Figure  67.  7  hay  1??C  at  1C~3  7D7  profile  of  relative  humidity 

(cotton  scale)  solid  line,  observed  extinction  coefficients  (tc 
scale),  series  of  short  solid  and  dashed  lines,  and  predicted 
extinction  coefficients,  series  of  short  solid  lines  versus 
height,  fee  scale  is  logarithmic ,  v/here  1  is  10,  hind  speed 
at  11. C  m/s*  and  *vave  length  (LAhBOA)  at  3.75  microns.  hind 
speed  calculated  from  friction  velocity. 
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If 
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believed  to  have  accuracies  v/itnin  three  percent.  In  viev; 
of  these  accuracies  of  the  tv/o  controlling  factors,  the 
results  of  the  predicted  extinction  values  could  still  not  be 
adjusted  to  agree  v/ith  the  ooserved  results.  Another  reason 
for  the  differences  betv/een  the  predicted  and  observed 
extinction  profiles  could  be  round-off  and/or  truncation 
errors  of  the  empirically  derived  coc  .^icients  of  the 
prediction  model.  Ihis  is  not  believed  to  have  been  the 
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eascn.  Fver.  if  all  the  above  me as ur anient  and  c  amputate.: 


:rrors  could  have  been  corrected,  the  predicted  extinct 
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A  significant  aspect  cf  the  cc*r*pa 
predicted  value  were  normalised  with 
extinction  in  the  lower  mixed  layer, 
hip her  concentration  cf  aerosols  near 
layer  than  predicted  'ey  the  model.  1 
on  the  basis  of  the  relative  humidity 
growth,  as  shown  by  Fitzgerald  (1573) 
reality  that  at  a  high  value  of  relat 
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errors  would  drastically  affect  the  predicted  values, 
this  has  to  be  considered  in  view  of  the  three  percent  unc 
tainty  in  the  relative  humidity  measurement. 
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-he  model  includes  both  a  maritime  and  continental  com¬ 
ponent  above  the  top  of  the  inversion,  however,  the  maritime 
aerosols  are  trapped  below  the  inversion  sc  the  region  above 
•'/as  composed  solely  of  continental  aerosols.  -his  loads  to 
predicted  values  being  larger  than  those  actually  measured 
above  the  inversion  since  a  maritime  source  as  included  v/hich 
did  net  exist.  Also,  the  model  specifies  an  exponent ai 
decrease  with  height  rate  fer  lev/  relative  humidities  v/hich 
-/as  not  found  in  the  observed  extinction. 

differences  betv/een  the  spiral  profiles  and  the  radio¬ 
sonde  profiles  suggest  that  radiosondes  can  not  yield  accurate 
prediction  profiles,  extinction  profiles  from  an  accurate 
model  based  on  radiosonde  data  would  be  in  error  due  :c 


measurement  capabilities. 

-he  LCb’iKAI'-T  3d  profiles  (Figures  1  and  2)  are  not 
adequate  because  they  are  exponental  even  within  tne  nixed 
layer.  Ihe  model  yielded  relatively  accurate  extinction 
values  near  the  surface,  but  yielded  erreneous  values  at 
altitudes.  Inis  is  because  realistic  relative  humidity 
distributions  are  not  considered.  At  sea,  as  seen,  L2..'-h.A-.'  3d 
users  risk  underestimating  the  range  when  a  fixed  trans¬ 
mittance  occurs  /“hughes,  19SC_7.  Cver  long  ever  water  slant 
path  ranges,  LC.JThAN  3d  should  net  be  used  for  open  ocean 

vertical  distributions  of  aerosol  extinction. 
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Irsed  cn  conclusions  in  part  A  Che  following  recomnenda- 
c  ions  are  made : 

vl]  ...ere  sensitive  radiosonde  instruments  should  is 
developed  along  with  calibration  instruments,  ihe  perfect 
model,  without  accurate  measurements  of  relative  humidity, 
-/ill  net  be  able  to  accurately  predict  extinction. 

(2)  Bxperiments  should  be  conducted  in  the  Gulf  of 
Mexico,  off  the  eastern  coast  of  the  United  States,  and 
in  the  aria  region  of  the  scuthv/est.  ihis  is  because 
off  the  California  west  coast  the  relative  humidity  is 
usually  net  high  compared  to  other  U.S.  continental  coastal 
regions.  Ihe  Gulf  of  .Mexico  would  have  a  higher  relative 
humidity  when  winds  are  from  the  south  around  the  Bermuda 
high,  Ihe  northern  part  of  the  east  coast  v/ould  have  off 
shore  wind  flow  around  the  Bermuda  High.  And  the  southwest 
would  be  lacking  a  moisture  source. 

3.  One  model  should  not  be  used  to  predict  vertical 
aerosol  extinction  for  different  type  regions.  ..his  is 
becau.se  of  the  continental  component.  Bather,  a  basic 
model  should  be  modified  for  individual  regions,  for 


examples  the  ..'ells-Aatz  model  could  be  modified  for  the 


'.Jest  Coast  to  have  only  a  continental  component  above  the 
inversion  of  a  mixed  layer,  .he  arid  region  might  have  only 
a  continental  component.  Ihe  Gulf  region  might  have  only 
a  maritime  component  during  certain  seasons  and  a  mixed 
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congeneric  curing  others,  hence,  z\ 
for  -she  different  regions  -Tien  this 
che  nodel ,  or  excels,  vrouii  he  use. 
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